in their studies of the medullary circulation of Chinchilla laniger noted that these animals excrete a remarkably concentrated urine. Chinchillas deprived of water for 2 weeks remained active and voided urine as concentrated as 6,000 mOsm (32), values comparable to the maximum urinary osmolality achieved by desert rodents (35), We were stimulated by these findings to undertake an investigation, using micropuncture and other techniques, of renal function in the chinchilla.
The family Chinchillidae consists of three genera and seven species and is found only in South America.
Chinchilla Zanigar inhabits an arid environment-rocky slopes at elevations of 800-6,100 m in Peru, Bolivia, Chile, and Argentina to about latitude 52 deg S (40). Adults weigh 0.4-0.7 kg, are slender, have relatively broad heads, large black eyes, round ears, and fine, dense pelage. Chinchilldae are herbivorous and are active throughout the year. In this study we examine those features of chinchilla renal function related primarily to water conservation.
METHODS
Adult male and female chinchillas weighing between 400 and 550 g were used for all experiments.
Ten chinchillas were placed in separate cages, deprived of water for as long as 8 days, and their urine was collected under mineral oil. Three animals were given water (30 ml/kg body weight containing 1.7 % alcohol) by gastric tube to estimate maximal urinary dilution.
Five chinchillas were used to investigate the urinary concentrating capacity in response to the intravenous administration of solutions of sodium chloride in different concentrations. (One animal received 0.9 % saline at 0.3 1 ml/min, two animals received 3 70 saline at 0.60 ml/min, and two animals received 5 % saline at 0.13 and 0.29 ml/min, respectively.)
Each animal was anesthetized with intraperitoneal inactin, 120 mg/kg, and given prime and maintenance solutions containing inulin to achieve a plasma inulin concentration of 30 mg/lOO ml. After an hour for equilibration infusion of the test solution was begun. Urine collection periods lasted lo-30 min. Plasma was collected at the midpoint of each period. The GFR, osmolar clearance (C,,,,) and negative free water clearance (T,HzO) were calculated in the usual way (42).
In 22 animals micropuncture was performed. The animals were allowed free access to water, but were deprived of food 24 hr prior to the experiment.
After anesthesia with intraperitoneal inactin, 120 mg/kg, both femoral veins were cannulated.
In the right femoral artery a cannula was placed for blood sampling and blood pressure monitoring, and in the left femoral artery a catheter was passed until its tip was positioned just above the renal arteries for the injection of lissamine green. In the first series of experiments, 14 animals were given a priming dose of inulin and a maintenance infusion of Tyrode Ringer solution (containing, mM:
NaCl 136.9, NaHC03 11.9, NaH2P04 0.4, KC1 2.7, CaC12 1.8, and MgC& 0.5) with inulin calculated to maintain the plasma inulin concentration at 100 mg/ 100 ml. The infusion rate was 0.2 ml/min.
( A second series of eight animals was used to study the osmolality of the distal tubule contents. The animals were subjected to the same experimental preparation and given the same infusion (except that it contained no inulin) at the same rate as described before. A distal tubule was identified and injected with an oil column 4-6 tubular diam long. Special care was taken during the collection: the oil column was usually moving in a distal direction, less than 0.5 nl of fluid was aspirated, and the flow of the oil column was observed after the pipet was withdrawn to confirm the direction of flow. The site of puncture was determined by latex injection and microdissection (4). Arterial blood was collected at the midpoint, and urine was obtained at the end of the experiment.
Plasma and urine samples were analyzed for osmolality by the Ramsay-Brown microfreezing point technique (33). (If the urinary samples were sufficiently large, the osmolality was determined by an Advanced osmometer (23).) Inulin, sodium and potassium were analyzed by methods described before (23). Chloride was determined by the Buchler-Cotlove chloridometer (9), bicarbonate content was determined by the Natelson microgasometer (3 l), urea was determined by the disudomonozine method (29), and glucose was determined by the alkaline potassium ferrocyanide method (2 1) read in the AutoAnalyzer (38). Arterial blood gases were determined by micro pH and blood gas analyzing system of the IL gas analyzer model 113 5-l.
Since catheteri zing the ureters often resul ted in hy potension and deterioration of the animal's condition (presurnably due to manipulation of the intestine), and, because at a plasma concentration of 100 mg/mI, inulin often precipitated in the bladder urine, clearance studies were not performed in the animals used for micropuncture.
Eight animals, studied under the same experimental conditions as those for the micropuncture experiments (including an infusion of Tyrode Ringer solution at 0.2 ml/min) but without the abdominal surgery, were given priming and maintenance doses of inulin calculated to maintain the plasma inulin concentration at 40 mg/lOO ml for measurement of glomerular filtration rate. Urine collections were obtained from a catheter in the bladder. Glomeruli were labeled in 10 kidneys by the in vivo injection of India ink and counted after acid hydrolysis ( 10).
RESULTS
Ch2'nchiZla plasma. The concentrations of the major solutes of chinchilla plasma are presented in Table 2 . Also included are a few measurements of arterial blood gases. Note the high concentrations of total solute, sodium, chloride, and urea, and the low potassium and bicarbonate concentrations.
Overall renal junction. In 10 chinchillas deprived of water for up to 8 days, mean urinary osmolality was 3,505 mOsm (range 2,345-7,599 mOsm), and in three animals, the minimal urinary osmolality achieved after water loading was 13 1, 134, and 126 mOsm, respectively.
In five animals (44 clearance periods), T,HzO was measured during the infusion of saline varying in concentration from 0.9 to 5 %I. The average ratio T,HzO/GFR was 6.9%, and the maximum ratio with the corresponding GFR in each animal was: 8.8 % (0.35 ml/min per 100 g body weight), 5.5 (0.22), 5.6 (0.43), 14.2 (0.34), and 11.9 (0.50). When expressed as a function of C,,,, there was no apparent plateau in T,HsO (Fig. l) * The mean GFR of eight animals was 3.38 & 1.02 SE ml/min, or 0.70 ml/min per 100 g body weight (Table 3) . Excluding animal 4, the values were 2.43 & 0.34 ml/min and 0.52 ml/min per 100 g body weight, respectively. hficropuncture experiments. In the first series of 14 animals, mean blood pressure was 90 & 1.82 mm Hg at the beginning and 90 & 2.13 mm Hg at the end of the experiment. nl/min per g kidney weight (Fig. 2) . In the proximal tubule, a mean of 57 % of the glomerular filtrate was reabsorbed containing isotonic quantities of total solute, sodium, and potassium.
In the loop of Henle (distal tubule reabsorption minus proximal tubule reabsorption in the eight animals in which both segments of tubule were punctured, Table 5 ), 32 % of the filtered water, 36% of the filtered solute, 38 % of the filtered sodium, and 30 % of the filtered potassium were reabsorbed. In the distal tubule, a total of 87 S of the filtered water and more sodium than water was reabsorbed, resulting in a significantly hypotonic fluid (TF/P Osm 0.72). Less overall reabsorption of potassium than sodium occurred.
A second series of micropuncture experiments was undertaken in eight animals specifically to ascertain the pattern of fluid osmolality as a function of distal tubule location. As is illustrated by Fig. 6 , the fluid was consistently hypotonic throughout the distal tubule (mean TF/P Osm O-5< A 0.03 1, 12 = 27) and only slightly more concentrated in the distal half (TF/P 0 sm 0.529 & 0.03 1, n = 21) than in the proximal half (TF/P Osm 0.460 =t 0.077, 1z = 6) In seven of the eight animals, urine was obtained at the end of the experiment and was, in each case, hypertonic (mean U/P ' Osm 3.275 Z!Z 0.567, n = 7).
Glomerular county The mean number of glomeruli in 10 kidneys was 48,018 & 554 SE (Table 6 ).
DISCUSSION
The chinchilla manifests several features which, analogous to other species (26, 35), probably represent adaptations to a limited water supply. One of these is the hi,gh serum osmolality2 and serum sodium concentration (Table  2) . Another is the capacity to produce a highly concentrated urine (Fig. 1, Table 3 ). In the animal deprived of water for 8 days, urinary osmolality was 7,599 mOsm, among the highest urinary solute concentrations ever reported. The fact that the GFR per 100 g body wt (Table 3) Although the mean TF/P K ratio is significantly higher than the mean TF/P Na ratio, P < .OO 1, the difference (0.16) is small and within the error of the microanalytic method. Fractional reabsorption in the accessible proximal tubule of the chinchilla nephron is thus similar to that in the rat (39), but greater than that in the dog (7). The rate of infusion employed in the present study, however, is suficient to produce some suppression of proximal tubule reabsorption in the rat (8) and in the dog (14) .
Distal tubule. An exact assessment of the contribution of the distal tubule and the loop segments to overall reabsorption cannot be made, because the distal tubule was punctured at various sites along its length, but a reasonably good approximation can be obtained by averaging the distal tubule data. When the glomerular filtrate reaches the distal convoluted segment, 87 % of the filtered water and 93 % of the filtered sodium have been reabsorbed, resulting in a significantly hypotonic fluid (TF/P Osm 0.72). To determine the luminal fluid osmolality as a function of distal tubule length, a second series of experiments was
As a rough estimate of the SGFR of nephrons beneath the surface of the kidney, the total GFR per kidney was divided bv the number of nephrons per kidnev. In eight chinchillas, t&al GFR per kidney was 1.69 ml/&n (or 1.22 ml/min if animal 4 is excluded). I) The SGFR of deeper nephrons is less than that of superficial nephrons. If this is correct, the intrarenal distribution of nephron filtration rates in the chinchilla is the reverse of that in Psammomys in a saline diuresis ( 1, 13) and rats fed a low (22) or normal ( 1, 24) salt diet, in which the SGFR of the juxtamedullary nephron is significantly greater than that of the superficial nephron, but is similar to that in rats fed a high salt diet (22) .
2) The SGFR of the superficial nephrons was artifactually elevated by micropuncture, a factor stressed recently by Germ et al. (16) Each of 27 samples collected in eight animals the possibility. was distinctly hypotonic to the plasma, and the osmolality 3) The animals in which the clearance studies were done of the most distal samples was only slightly greater than it were less well hydrated than the animals studied by the was of those obtained near the beginning of the distal micropuncture technique, Since the animals were given the tubule, despite the fact that the final urine was always same infusion at the same rate for comparable lengths of hypertonic (Fig. 6 ). These findings in the hydropenic time, and since the animals studied by micropuncture were chinchilla resemble those in the dog (6) and the monkey (2). subjected to laparotomy while the other group was not, 
